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Here, we show that an a-proteobacterium of the genus Asaia is
stably associated with larvae and adults of Anopheles stephensi,
an important mosquito vector of Plasmodium vivax, a main malaria
agent in Asia. Asaia bacteria dominate mosquito-associated mi-
crobiota, as shown by 765 rRNA gene abundance, quantitative PCR,
transmission electron microscopy and in situ-hybridization of 76S
rRNA genes. In adult mosquitoes, Asaia sp. is present in high
population density in the female gut and in the male reproductive
tract. Asaia sp. from An. stephensi has been cultured in cell-free
media and then transformed with foreign DNA. A green fluores-
cent protein-tagged Asaia sp. strain effectively lodged in the
female gut and salivary glands, sites that are crucial for Plasmo-
dium sp. development and transmission. The larval gut and the
male reproductive system were also colonized by the transformed
Asaia sp. strain. As an efficient inducible colonizer of mosquitoes
that transmit Plasmodium sp., Asaia sp. may be a candidate for
malaria control.

malaria | symbiotic control | insect vector

O ne of the major objectives of malaria control programs is
interference with parasite transmission by mosquito vectors
(1). Mosquito genetic transformation has been developed for
Anopheles gambiae (2) and Anopheles stephensi (3), the main
malaria vectors in Africa and Asia, respectively, and transgenic
mosquitoes have been developed that are impaired in parasite
transmission (4). However, genetic manipulation tends to reduce
mosquito fitness (5). There is current interest in the use of
microorganisms as biological control agents of vector-borne
diseases (6—8). Microorganisms associated with vectors could
exert a direct pathogenic effect on the host (9), interfere with its
reproduction (10, 11), or reduce vector competence (12, 13).
Furthermore, the use of genetically modified bacteria to deliver
antiparasite molecules has several advantages over the use of
genetically modified vectors (14). Very little is currently known
about mosquito-associated microbiota (14-16). Here, we show
that bacteria of the genus Asaia are stably associated with An.
stephensi, an Asian malarial mosquito vector. Asaia can be
cultivated and genetically manipulated and can recolonize the
insect host. As an efficient inducible colonizer of mosquitoes that
transmit Plasmodium sp., Asaia sp. may be a candidate for
malaria control.

Results and Discussion

16S rRNA Gene Libraries from Anopheles spp. and Asaia sp. PCR
Screening. Bacterial diversity associated with An. stephensi was
initially explored by establishing three 165 rRNA gene libraries
from total DNA of the abdomens of three laboratory-bred

www.pnas.org/cgi/doi/10.1073/pnas.0610451104

individuals. Analysis of the 16S rRNA gene sequence revealed
that the libraries were dominated by sequences related to the
genus Asaia [90% of the clones examined; see supporting
information (SI) Table 2], an a-proteobacterium strictly related
to acetic acid bacteria (17, 18). The obtained sequence showed
>99% nucleotide identity with those of Asaia bogorensis and
Asaia siamensis, two species previously isolated from tropical
flowers (17, 18). Other clones were related to different a-pro-
teobacteria (Acetobacter, Gluconobacter, and Sphingomonas; see
SI Table 2). By using a 16S rRNA-based Asaia-specific PCR,
amplicons were found in both males and females of all of the
>300 individuals of An. stephensi tested derived from at least 10
different breeding batches (SI Table 3). The identity of the
amplicons was confirmed by sequencing. PCR analysis showed
that Asaia DNA is present in eggs, pupae, and different larval
stages, as well as in various mosquito organs, including gut,
salivary glands, ovaries, and testes. Asaia DNA was also found in
all of the 60 field-collected individuals of Anopheles maculipennis
captured during three different periods (June 2005, October
2005, and June 2006) and in their F1 obtained in the laboratory
(SI Table 3). Asaia represented 20% of the clones in 16S rRNA
gene libraries (SI Table 4). Asaia was sporadically (=5% of the
clones) found in 165 rRNA gene libraries from the total DNA of
An. gambiae individuals collected in Burkina Faso (SI Tables 3
and 5). Interestingly, it has recently been reported that inter-
ference with the innate immune system of An. gambiae by
transient silencing of AgDscam determines proliferation of A.
bogorensis in mosquito hemolymph (19).

Diversity of bacteria within the 716S rRNA gene libraries was
rather low, with relatively few phylotypes. Low bacterial diversity
in Anopheles species by 16S rRNA gene sequencing has been
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Fig. 1. Images of Asaia sp. from An. stephensi. (A) Colonies of Asaia sp. on
CaCOs-agarized medium, showing a characteristic pink color. (B) Haloes of
carbonate solubilization due to acidification. (C) TEM micrograph of an An.
stephensi adult midgut full of bacteria that probably belongs to genus Asaia.
(D and E) Magnification of bacterial cells in the midgut (D), whose morphology
resembles that of Asaia sp. in pure culture (E). Filamentous structures in the
nucleoid region (asterisks), and an extracellular matrix with a fibrillar nature
(arrow) can be noted. Cells of Asaia sp. in pure culture do not show the
extracellular matrix observed in the mosquito midgut. (F) The midgut lumen
of An. stephensi is full of bacterial cells (arrow). (G) ISH with an Asaia-specific
probe showing a high density of the bacterium in the midgut lumen (arrows).

reported, with six, two, and one bacterial species in An. arabien-
sis, An. gambiae sensu stricto, and An. funestus, respectively (16).
We detected few operational taxonomic units within the y-pro-
teobacteria that were detected in other studies by 165 rRNA gene
sequencing (16) and bacterial isolation (14, 16). This difference
may be due to the different primer set used and emphasizes that
the use of multiple primer sets in molecular microbial ecology
widens the view of the actual diversity residing in a system (20).

Asaia Cultivation and Real-Time PCR Analysis. Asaia was isolated
from An. stephensi according to the method reported for isola-
tion from tropical flowers (17, 18). A preenrichment step in
liquid medium at pH 3.5, followed by plating in carbonate-rich
medium, resulted in the isolation of single, pink colonies capable
of dissolving carbonate in the medium and generating dissolu-
tion haloes (Fig. 1 4 and B). Colonies isolated from An. stephensi
and An. maculipennis were confirmed to be Asaia sp. by 16S
rRNA gene sequencing, with 99.6% and 99.8% nucleotide iden-

tity with 4. bogorensis and A. siamensis, respectively (17, 18) (SI
Fig. 4). Asaia sp. was abundant in the mosquito body, with
bacterial counts of up to 9.8 X 10° colony forming units (CFU)
per female and 9.8 X 10* CFU per male individuals. To evaluate
the relative abundance of Asaia sp. in different organs of An.
stephensi, we measured Asaia to total bacteria 16S rRNA gene
Asaia to total bacteria copy ratio (ABR) with quantitative
real-time PCR, by determining the Asaia sp. and total bacteria
1685 rRNA gene copies in the gut, salivary glands, and female
reproductive system (Table 1). Asaia sp. 16S rRNA gene copies
constituted a mean of 41%, 25%, and 20% of the total 16S rRNA
gene copies of the bacterial population in the gut, salivary glands,
and female reproductive system, respectively, showing that this
acetic bacterium represents the dominant bacterium in the
population of An. stephensi examined in this study, particularly
in the gut. Interestingly, high numbers of Asaia were also found
in both the salivary glands, which have rarely been reported to
be colonized by bacteria in other insects (21), and in the female
reproductive system, where vertically transmitted endosymbi-
onts are typically found.

Transmission Electron Microscopy (TEM) and in Situ Hybridization (ISH)
Analysis of Asaia in Mosquito. Several body parts of female An.
stephensi were examined by TEM, and the morphology of
observed bacteria was compared with that of cultured Asaia. No
bacteria were detected in the egg cell cytoplasm, whereas the
midgut lumen contained large bacterial cell clusters with the
typical Gram-negative architecture with a signature filamentous
appearance of the nucleoid region similar to cultured Asaia (Fig.
1 C-E). The bacteria in the insect midgut were embedded within
an extracellular matrix (Fig. 1D). The identity of the bacteria in
An. stephensi midgut (Fig. 1F) was confirmed by ISH with
Asaia-specific probes that indicated a high concentration of cells
within the mucous substance lining the midgut epithelium (Fig.
1G). ISH signals with Asaia-specific probes were analogous to
those observed by using bacterial probe EUB338, whereas no
signals were observed in tissues treated with RNase or in the
absence of the probe.

Mosquito Recolonization by Asaia Expressing Green Fluorescent Pro-
tein (Gfp). The overall data indicated that Asaia bacteria are
dominant in, and stably associated with, the midgut of An.
stephensi and hence could be an interesting vector of antiparasite
molecules in mosquitoes. The transformability of Asaia from An.
stephensi was verified by electroporating Asaia sp. strain SF2.1
with plasmids pHM2 and pHM3, two replicative plasmids in the
genera Acetobacter and Gluconobacter closely related to the
genus Asaia (22). The plasmids transformed strain SF2.1 with an
efficiency of 4.7 10° cells:ug~' DNA. Plasmid pHM2 conferred
both kanamycin resistance and the blue colony phenotype to the
strain when the cells were grown in the presence of 5-bromo-4-
chloro-3-indolyl-B-galactopyranoside, whereas plasmid pHM3
conferred resistance to the antibiotic but not blue colony phe-
notype. We cloned a Gfp cassette in plasmid pHM?2 to label

Table 1. Asaia sp. and bacteria 76S rRNA gene copies and Asaia to bacteria 76S rRNA gene copy ratio (ABR) in

different organs of An. stephensi

No. of Range of Asaia 16S Range of bacterial 716S
Organ individuals* rRNA gene copies® rRNA gene copies’ ABR* ABR range
Gut 22 1.3 X 10*to 8.7 X 107 1.6 X 10°t0 9.5 X 107  0.41 =0.28 0.03-0.91
Salivary glands 17 53X 102t04.0 X 106 1.2 X 10°t06.7 X 106  0.25 = 0.25 0.004-0.62
Female reproductive system 17 7.5%x10"t03.4x 106 4.0Xx10*to4.9x 10® 0.20 =0.27 0.001-0.78

*Each individual was separately analyzed by triplicate real-time PCR.

fMinimum and maximum amounts of 165 rRNA copies detected.

*ABR, Asaia to total bacterial 716S rRNA gene copy ratio. Mean ABR + SD of the individuals reported in column 2 are given.
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Fig.2. Recolonization of the adult An. stephensi gut by a Gfp-tagged Asaia.
Phase contrast (A and C) and fluorescence (B and D) microscope images of
Asaia sp. strain SF2.1(Gfp), recolonizing An. stephensi midgut. Male (A and B)
and female (Cand D) terminal portions of the midgut. Malpighian tubules are
visible (red arrows). (E and F) Midgut terminal portion of a female fed with
sucrose solution without Asaia sp. strain SF2.1(Gfp). (G and H) Laser scanning
confocal microscope images of adult mosquito guts, showing high concen-
trations of strain SF2.1(Gfp) microcolonies.

Asaia with an easy-to-follow optical marker for visually tracking
the bacterium in the body of An. stephensi. The resulting plasmid
pHM2-Gfp was used to transform strain SF2.1. We obtained
strain SF2.1(Gfp) that was then used in recolonization experi-
ments of An. stephensi adults and larvae.

The SF2.1(Gfp) strain recolonized An. stephensi adults fed
with sucrose or blood-containing solutions in which the strain
was resuspended. Fluorescent and laser-scanning confocal mi-
croscopy showed that the bacterium efficiently colonized the gut
(Fig. 2), salivary glands (SI Fig. 5) and male reproductive system
(Fig. 3A-H). We examined a total of 140 insect adults from three
cages fed with Asaia sp. strain SF2.1(Gfp). Most of the individ-
uals (72%) showed fluorescent cells and microcolonies in the
body. Because we do not know whether all of the individuals
actually fed on the bacterial suspension, the lack of Asaia from
some individuals, in the light of the high percentage of positives,
could be explained with the lack of a meal. Fluorescent Asaia
cells and microcolonies were observed in 65%, 32%, and 58% of
the guts (91 individuals examined), salivary glands (59 females
examined), and male reproductive systems (55 individuals ex-
amined). Colonization of the mosquito body by Asaia sp. strain
SF2.1(Gfp) was stably maintained for the entire life span of the
insect. Fluorescent cells and microcolonies were detected in all
of the previously mentioned body parts (gut, salivary gland, and
male reproductive system) of adult mosquitoes (10 individuals)
up to 25 days, before insect death. Fluorescent cells and micro-
colonies were established in the gut after 24 h when mosquitoes
were fed with blood and after 48 h when fed with sucrose-
containing solutions. This difference in the timing of micro-
colony establishment could be due to the fact that sugar goes to
the crop instead of mosquito midgut, determining a delay in
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Fig. 3. Colonization of male gonads of adult An. stephensi by Asaia sp. A
large number of Asaia cells was found in the reproductive organs of adult,
male An. stephensi. (A-D) Reproductive organs of an An. stephensi adult male
fed (A and B) or not fed (C and D) with a sucrose-containing solution in which
Asaia sp. SF2.1(Gfp) cells were suspended. A testis (asterisk) and initial portion
of a gonoduct (arrow) are visible by phase contrast (A and C) and fluorescence
(B and D) microscopy. Fluorescent Asaia sp. SF2.1(Gfp) cells are visible in the
testis and in the gonoducts. (E-G) Male gonoduct, after colonization by Asaia
sp. strain SF2.1(Gfp), visualized by fluorescent (E), phase contrast (F), and laser
scanning confocal microscopy (G). The images indicate a high concentration of
Asaia sp. is in the gonoduct. (H) Higher magnification of a microcolony of
Asaia sp. strain SF2.1(Gfp) in the male gonoduct. (/) ISH showing cell clusters
of Asaia sp. cells (circles) colonizing the male reproductive organs. Asterisks
indicate spermatic bundles. A sperm duct (open black arrow) is visible. Intes-
tine is indicated by a black arrow. The specimen pictured was taken from a
male not exposed to strain SF2.1(Gfp).

dispersion to other portions of the gut. The consequent higher
number of ingested bacterial cells likely allowed a more rapid
colonization of the gut with the fluorescent Asaia. Strain
SF2.1(Gfp) was capable of recolonizing salivary glands in a
relatively short time (48 h) after ingestion of the sugar meal.
Strain SF2.1(Gfp) was observed in the male reproductive system
48 h after the exposure of male mosquitoes to the sugar solution.
Bacteria massively colonized testes, and, in particular, gonoducts
(Fig. 3 A-H), demonstrating that the male reproductive system
is a further subniche for Asaia in An. stephensi. Interestingly,
large fluorescent microcolonies were observed within male
gonoducts (Fig. 3H), indicating bacterial growth. Signals ob-
tained by ISH with Asaia-specific probes also identified Asaia sp.
in the spermatic bundles of An. stephensi males that were not
exposed to strain SF2.1(Gfp) (Fig. 3I). A large number of
bacterial cells resembling Asaia sp. was also observed by TEM in
gonoducts of males not colonized by strain SF2.1(Gfp). These
cells showed the typical morphology of Asaia sp. with signature
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filamentous structures in the nucleoid region and, like cultured
Asaia cells (Fig. 1E), did not present the extracellular matrix that
was observed in the mosquito midgut (Fig. 1D).

Second and third instar larvae of An. stephensi were also fed with
strain SF2.1(Gfp) that was resuspended in the larvae breeding
water. Colonization of the larval gut was observed at 24 h after
exposure. We examined a total of 24 larvae (12 each for L2 and L3
stages). Seven L2 and five L3 larvae showed massive colonization
in the gut by large fluorescent microcolonies.

The observation of Asaia in the male gonoduct suggested that
transmission of Asaia from male to female may occur during
mating. We thus caged 16 virgin females with 24 males previously
fed with a cell suspension of strain SF2.1(Gfp). Eight of the 16
females showed fluorescent Asaia cells and microcolonies in the
spermatheca and the gut. It is possible that the percentage of
Asaia-positive females could be biased by a low mating rate due
to a nonoptimal male-to-female ratio in the cage. Finally, 16
females of An. stephensi previously fed with strain SF2.1(Gfp)
were allowed to have a blood meal and lay eggs. Thirty-two of
the hatched larvae were then examined (eight individuals for
each larval stage from L1 to L4) and 19 of these showed a
massive colonization by fluorescent cells and microcolonies in
the gut, indicating that the bacterium is transmitted to the
offspring. This result is congruent with PCR data showing the
presence of Asaia sp. DNA in preadult stages of An. stephensi.
There is thus an overall consistency of results indicating that
colonization of mosquitoes occurs early during their develop-
ment. [t is reasonable to assume that infection of mosquito larvae
occurs by acquisition of Asaia sp. from the environment, if we
consider, for example, the results reported above on the colo-
nization of larvae by Asaia strain SF2.1(Gfp) released in the
breeding water. However, the fluorescent Asaia cells that were
detected in larvae generated by females fed on SF2.1(Gfp) strain
indicate that Asaia is also transmitted from mother to offspring.
Understanding whether this transmission is direct (e.g., based on
some forms of transovarial transmission or egg smearing) or
indirect (e.g., adult mosquitoes contaminate the environment
during egg laying, and bacteria then infect the progeny) still
remain to be determined.

Perspectives. Flowers and plant-derived materials have been
reported as the natural habitats of Asaia spp. (17, 18, 23). Strains
of the genus Asaia have also been isolated in bottled fruit-
flavored drinks (24), and A. bogorensis was recently isolated
from the blood of an i.v. drug user in Finland (25). Based on the
results reported here, mosquitoes of the genus Anopheles could
represent another environmental niche for Asaia where it lives
at a particularly high density in the gut. This acetic acid bacte-
rium could be taken up by mosquitoes from their environment,
i.e., from water during the larval stages or from flowers during
the first sugar meals as an adult. Thereafter, particular physio-
logical and metabolic requirements would allow infection of the
insect body. It would be interesting to study the environmental
sources of infection of the mosquito body. Bacteria of the genus
Asaia have not been previously reported as associated with any
other entomological system, except with Scaphoideus titanus
(Hemiptera: Cicadellidae), the vector of Flavescence Dorée in
grapevines (8). The identification of bacteria of the genus Asaia
in insect species of different orders like Diptera and Hemiptera
suggests that they may be widespread symbionts of insects. The
presence of Asaia in the three Anopheles species that we have
examined and its very high prevalence in different developmen-
tal stages of An. stephensi and An. maculipennis indicate that
Asaia may play an important role in the biology of the host that
will be investigated in future studies. Here, we have shown that
Asaia is capable of efficiently crossing body barriers and colo-
nizing different organs in a short time, like guts and salivary
glands, both important sites of Plasmodium parasites’ life cycle.

9050 | www.pnas.org/cgi/doi/10.1073/pnas.0610451104

The ability of Asaia sp. to recolonize the mosquitoes was also
confirmed by the capacity of the bacterium to grow quickly in
several different body parts, as shown by the formation of
microcolonies (Fig. 3H) and the identification of cells undergo-
ing division (see for example Fig. 1D). The high level of mosquito
colonization reached by Asaia sp. after feeding indicates that
horizontal transmission by the oral route can efficiently lead to
the infection of the mosquito body and could possibly be
exploited in the field for insect colonization.

Vertical transmission to the progeny is commonly observed in
insects for intracellular bacterial symbionts (26), whereas extra-
cellular midgut bacteria are generally regarded as opportunistic
microorganisms acquired from the environment (14). However,
a clear-cut distinction between environmental acquisition and
vertical transmission of symbionts is not always easy to establish,
such as in the case of microorganisms living in the gut of
wood-feeding cockroaches and termites (27). Our results show
that the Anopheles—Asaia symbiotic system might represents such
a borderline situation, where acquisition from the environment
is likely the most common source of infection for both preadult
and adult stages, but where transmission from mother to off-
spring might also occur, leading to an efficient exploitation of the
insect niche by this environmental bacterium. The efficiency by
which Asaia might exploit the insect niche is also highlighted by
the capacity demonstrated by strain SF2.1(Gfp) of colonizing
different body parts and by its transmission from male to female
during mating, as it has recently been shown for beneficial
secondary symbionts in aphids (28).

Easy acquisition by both mosquito adults and larvae, cultur-
ability, cryogenic preservability, and the easy transformability of
Asaia spp. make it a candidate for paratransgenic control (29) of
malaria (14), through the production of anti-Plasmodium mol-
ecules (30-34) or anti-mosquito factors (15) by engineered
bacterial strains (30).

Materials and Methods

Mosquitoes. An. stephensi samples came from a colony reared
since 1988 in the insectary at the University of Camerino. An.
maculipennis specimens were sampled in June and October 2005
and June 2006, inside a cowshed of a small farm close to Orte,
in central Italy. An. gambiae specimens were field-collected in
various villages of Burkina Faso (West Africa) in the period
2002-2004.

DNA-Based Analysis of the Mosquitoes’ Microflora. DNA extraction
from whole insects and organs/tissues was performed as described
(35). Extracted DNA was used as template in PCRs with universal
16S rRNA bacterial primers 27F 5'-TCGACATCGTTTACG-
GCGTG-3" and 805R 5'-AGAGTTTGATCCTGGCTCAG-3’
and conditions reported in SI Materials and Methods. For Asaia-
specific PCR, primers sets 20F-1500R, 520F-520R, and 920F-
920R (17) and primers Asafor (5'-GCGCGTAGGCGGTTTA-
CAC-3") and Asarev (5'-AGCGTCAGTAATGAGCCAGGTT-
3") have been used following conditions described elsewhere (17)
(see also SI Materials and Methods). Sequences of the purified
amplicons were analyzed by using BLASTn (www.ncbi.nlm.nih.gov/
blast/) and RDPII (http://rdp.cme.msu.edu), and comparative anal-
ysis was performed by ClustalX v.1.83 (36) and Treecon v.1.3b
software (Van de Peer, University of Konstanz, Konstanz, Ger-
many). Bacteria 16S rRNA gene copies in the total DNA extracted
from insect organs were determined by quantitative real-time-PCR
in a I-cycler thermal cycler (Bio-Rad, Hercules, CA) by using
primers 357F (5'-CTACGGGAGGCAGCAG-3’) and 907R (5'-
CCGTCAATTCCTTTGAGTTT-3') (37). For Asaia, primers
Asafor and Asarev were used. The reactions were performed with
Brilliant Sybr green qPCR Master Mix (Stratagene, La Jolla, CA).
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TEM and ISH. Adults of An. stephensi were dissected in saline.
Semithin sections for light microscopy and thin sections for TEM
were prepared and examined as described (8). ISH was per-
formed on paraffin-embedded sections of mosquito organs as
described (38). Formamide concentration was adjusted at 30%),
and hybridization temperature was set at 46°C. Probe Eub338
was used as a bacterial positive control, and probes Asaial
(5'-AGCACCAGTTTCCCGATGTTAT-3") and Asaia2 (5'-
GAAATACCCATCTCTGGATA-3’), designed to target the
16S rRNA were used for specific detection of Asaia cells. All of
the probes were 5'-labeled with digoxigenin, and anti-
digoxigenin/horseradish peroxidase antibodies were used as
secondary antibodies. Staining was performed with 3-amino-9-
ethylcarbazole and observation was with a light microscope (see
also SI Materials and Methods).

Asaia Isolation, Identification, Count in Mosquito Individuals, and
Transformation. Asaia was isolated by a preenrichment step in
liquid medium (pH 3.5) and hence plated in agarized medium as
described (17, 18). Asaia colonies were tentatively identified by
colony morphology and the formation of carbonate dissolution
haloes in agar plates. Identification was confirmed by 16S rRNA
gene sequencing. Asaia cells in the whole insect were counted in
96-well microtiter plates by the most-probable number method
in liquid medium, followed by plating on calcium carbonate-
containing medium (17, 18) from the growth-positive wells.
Colony identity was confirmed by 16S rRNA gene sequencing of
randomly picked colonies. Asaia sp. cells were electroporated
with plasmids pHM2 and pHM3 (21) as reported in SI Materials
and Methods. A gfp gene cassette was cloned in pHM?2 plasmid
as reported in SI Materials and Methods and electroporated in
Asaia sp. strain SF2.1 isolated from an An. stephensi female.
Successful transformants were confirmed by fluorescence mi-
croscopy, plasmid analysis, and PCR of the gfp gene cassette as
reported in SI Materials and Methods. A Gfp-tagged transfor-
mant, designated as strain SF2.1(Gfp), was hence selected for
mosquito recolonization experiments.
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Mosquito Recolonization by Asaia sp. SF2.1(Gfp). Asaia sp.
SF2.1(Gfp) was grown 24 h at 30°C in GLY medium (SI Materials
and Methods). Cells were harvested by centrifugation, washed
three times in 0.9% (wt/vol) NaCl and adjusted to 103 or 108 cells
per ml~!in 30 ml of H,0/5% (wt/vol) sucrose solution or in 1 ml
of human blood to feed adult mosquitoes. For monitoring
long-term colonization of An. stephensi, the suspension contain-
ing 10° cells per ml~! was supplemented with 50 ugml=! of
kanamycin to avoid the loss of plasmid from bacterial cells.
Cages were prepared to feed An. stephensi adult with 2 X 108 or
4 X 108 cells per ml~! of Asaia sp. strain SF2.1(Gfp), respectively.
After 24, 48, 72, and 96 h of exposure to the feeding solutions
containing strain SF2.1(Gfp), mosquitoes were dissected in PBS.
One additional cage was fed with 4 X 103 cells per ml~! of Asaia
sp. strain SF2.1(Gfp), resuspended in 5% (wt/vol) sucrose solu-
tion. After 2 days feeding, the cotton swab containing strain
SF2.1(Gfp) was removed and replaced with a new sterile 5%
(wt/vol) sucrose solution supplemented with kanamycin. Mos-
quitoes fed with 4 X 103 cells per ml~! of Asaia sp. strain
SF2.1(Gfp) were sampled every 2-3 days up to 25 days after
initial exposure to the bacterium. To feed 2nd and 3rd instar
larvae, 108 cells per ml~! were released in 40-ml batches of
breeding water (each containing 60 larvae). The mosquitoes and
the larvae were maintained with their usual diet. Guts, salivary
glands, and reproductive organs were examined with a IX71
fluorescent microscope (Olympus, Melville, NY), and a
MRC600 laser scanning confocal microscope (Bio-Rad). All
tissues were fixed with 4% paraformaldeyde for 10 min at 4°C,
with the exception of salivary glands. The slides were then
mounted in glycerol-PBS for analysis. Whole larvae were di-
rectly observed without dissection after several washings in
sterile distilled water.
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